The possibility of using a periodic structure as a bunching mechanism for accelerators appears to have been investigated first by Dome4.
In this context we distinguish between "prebunching", where there is no net gain in energy of the packet, and "bunching" where the packet is programmed from a velocity corresponding to the gun voltage to essentially the velocity of light and which may include some further decrease in the width of the bunch.
The basic idea of the TW prebuncher is that a continuous beam injected into a slow-wave structure, propagating a wave whose phase velocity is the same as the beam velocity, will be density modulated, bunches being formed at alternate field zeroes.
The TW prebuncher moreover has been shown to have a greater capture fraction and tighter bunching (in phase width and energy spread) than the more commonly used single-gap prebuncher4.
The present investigation was undertaken to determine the usefulness of TW prebunchers including space charge effects.
The beam mode h used was that described by P. K. Tien, et al. . This approach is to consider the beam as a series of charge discs, ascribing all the beam charge to N discs per unit length.
The potential of a disc inside an enclosure may be obtained, which, conveniently, eliminates infinities which would otherwise occur as discs approach each other infinitesimally closely. By summation the force on each disc may be obtained owing to the presence of all other discs.
In addition, the force due to the travelling wave field may be included, so that the motion of a disc may be calculated.
The potential field of a disc of charge inside a circular pipe can easily be shown to be given where f is ihe cha;ge on the disc, 6 is the dielectric constant of free space, u and b are the cylinder and beam radii and @' are the successive zeroes of the zero order Bessel function of the first kind.
The potential of a disc of charge cannot, strictly, be used to calculate the force on another disc since they are not rigid bodies and the forces involved would, in fact, distort the discs. It is nevertheless customary to average the force over the distribution and apply the total force to the entire distribution.
That this procedure is not disastrous may be seen by computing the forces as if the charge were all lumped on the axis.
(In either case one obtains similar one-dimensional equations, the equivalence depending upon the ratio of beam diameter to disc separation).
The components of the electric field intensity are then
The axial field component acting on a similar, second disc of charge will produce an average field intensity, where z9 = /zi -zj j.
The above described beam, represented by a series of discs, is actually in motion whereas the derived potential function is applicable to a stationary disc. The modifying effect of motion on the forces between discs will depend only upon the motion of the disc causing the force and not its own motion, and the correction to Eq. (4) is a reduction by //72 to account for source motion.
The interaction of a disc-beam and a travelling wave having only an axial component of E-field over the cross-section of the beam, including the effects of space charge,, is described by $f7 $) = $-4 f Es,) (u= e,CA/m,,t2) and put J' as the phase of the disc with respect to the field zero.
It Is not superficially evident where the particle is in its trajectory at any given time; however, phase-focussing or bunching can easily be exhibited on the print out since at any location, / the isochronous condition is along a line whose klope, dJ)!dj= 2n&/~. Therefore, we may also write, in order to express the disc locations in terms of phase with respect to the wave, where T= m and z is the energy of the j-th disc at the location Zj. The charge of a disc in terms of the dc beam current is p = I/fN.
The force on a disc will vary the phase of the disc with respect to the wave, and this may be shown to be given by 
